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(54) Electric power steering apparatus 

(57) An electronic power steering apparatus 
according to the present invention uses hypoid gears 
having a larger gear on a steering assisting motor side 
and a smaller gear on a pinion shaft side as a transmis- 
sion device for transmitting a rotational force of the 
motor to the pinion shaft or a column shaft, thereby 
reducing a shaft-to-shaft distance required between the 
motor and the pinion shaft. Further, rad^ teeth, which 
have a pressure angle that reduces toward both of the 
ends of a moving stroke of a rack shaft, are formed on 



FIG. 2 



the rack shaft that engages the pinion gear so that an 
insufficient steering assisting fbrce is supplemented at 
the stroke ends, that is, at a large steering range; thus. 
It is possible to miniaturize the motor. Therefore, it 
becomes possible to reduce a space occupied by the 
motor on the periphery of the column shaft or the pinion 
shaft, and consequently to allow easy installation inside 
the automobile room or the engine room. 
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Description 

BACKGROUND OF THE INVEIMTION 

[0001] The present invention relates to an electric s 
power steering apparatus which uses an electric motor 
as a source of an steering assisting force, and more 
particularly concerns an electric power steering appara- 
tus having a construction in which a steering operation 
in a rack-pinion type steering mechanism is assisted by 10 
a rotational force of the electric nriotor 
[0002] An electric power steering apparatus, which 
drives an electric motor for steering assistance based 
upon the result of detection of a steering torque applied 
to a steering wheel and transmits a rotational force of is 
the electric motor to a steering mechanism so as to 
assist the operation of the steering mechanism, has the 
advantage that the assisting force characteristics can 
be controlled more easily depending on travelling condi- 
tions, such as the speed of a automobile and the fre- 20 
quency of steering operations, as compared with a 
hydraulic power steering apparatus using a hydraulic 
actuator as a source of a steering assisting force. 
[0003] However, the disadvantage of tfie above-men- 
tioned electric power steering apparatus is that it is drffi- 25 
cult to obtain a small-size electric motor (hereinafter, 
referred to as motor) whiich is capable of generating a 
sufficient rotational force for the steering assistance and 
that it is difficult to provide a space for the motor on the 
vicinity of the steering mechanism to which the force is 30 
transmitted. Conventionally, in order to solve these 
problems, a transmission device is interpolated in a half- 
way of the transmission system between the output side 
of the motor for steering assistance and the steering 
mechanism so that the rotational force acquired from ss 
the output shaft of the motor is increased by reducing 
the speed and transmitted to tiie steering mechanism; 
thus, the motor is miniaturized while the insufficient out- 
put force is supplemented. 

[0004] With respect to steering apparatuses for auto- 40 
mobiles, various types of them have been put into prac- 
tical use. and those of the rack-pinion type have been 
known. The steering apparatuses of this type has a con- 
struction with wNch: a rack shaft having rack teeth 
formed thereon with a predetermined length in the axial 45 
direction is installed in a manner so as to extend in the 
lateral direction witii respect to the chassis, both ends of 
the rack shaft are connected to travelling wheels 
through tie rods, a pinion shaft which engages the rack 
teeth is connected to a column shaft connected to a so 
steering wheel so that the rotational movement of the 
column shaft in accordance with a steering operation is 
transmitted to the rack shaft tiirough the pinion shaft; 
thus, the rack shaft is allowed to shift in tiie axial direc- 
tion witiiin a range of the formed length of the rack teeth 55 
so that the steering operation is carried out. 
[0005] in the case that such a rack-pinion type steer- 
ing apparatus is constituted as an electric power steer- 



ing apparatus, a mechanism which transmits the 
rotational force of the steering assisting motor to a half- 
way portion on the column shaft r the pinion shaft that 
rotates about the shaft is generally adopted. Witii 
respect to the transmission device, a worm gear, which 
has a worm connected to the output end of the motor 
and a worm wheel fitted to the column shaft or the pin- 
ion shaft that are engaged with the worm wheel, and 
which is capable of providing a high reduction ratio with 
a simple construction, is widely used. 
[0006] Here, in the electric power steering apparatus 
having the above-mentioned construction, the steering 
control may become inoperative in the event of a locked 
state of the steering assisting motor; therefore, it is 
essential to provide a safety measure to avoid the 
occunence of such an inoperative state. For this rea- 
son, conventionally, an electromagnetic cluteh is 
installed between the transmission device and the out- 
put shaft of the motor, and the electromagnetic clutch is 
disengaged at the time of a locked state of tiie motor so 
that the motor in the locked state is cut off from the 
steering mechanism. 

[0007] FIG. 1 schematically shows the construction of 
a transmission system from the motor to the pinion shaft 
in the electric power steering apparatijs having the 
above-mentioned structure. As illusti-ated. the electric 
power steering apparatus is designed so that a worm 
gear, which is used for inaeasing the rotational force of 
a motor M, is provided with a worm W2 that tangentially 
engages teeth formed on the circumference of a worm 
wheel Wi; tiierefore, it is essential to maintain a shaft- 
to-shaft distance corresponding to the sum of radii of 
the worm wheel W-j and the worm Wg between a pinion 
shaft 1 (or a column shaft) and the motor M that is coax- 
ially provided with the worm W2, and the motor M needs 
to be placed at a position far apart from the axial center 
of the pinion shaft. 

[0008] In an electric power steering apparatus of the 
pinion transmission type in which the transmitted rota- 
tional force from the motor M is applied to the pinion 
shaft 1 as shown in the drawing, it is difficult in most 
cases to install the motor M on the periphery of the pin- 
ion shaft 1 that is placed together with the rack shaft in 
an engine room that has merely limited installation 
space with the above-mentioned shaft-to-shaft distarKe 
Li therefrom. Moreover, in an electric power steering 
apparatus of the column f ansmission type in which the 
transmitted rotational force from the motor M is applied 
to the column shaft, the existence of the motor M, 
placed apart from the column shaft positioned inside the 
automobile, makes it difficult to provide a sufficient room 
for driver's legs. 

[0009] Furthermore, as illustrated in FIG. 1. tiie 
atx^ve-mentioned electromagnetic clutch C. which car- 
ries out tiie cut-off operation at tiie time of the locked 
state of the motor M. is connected to the output side of 
the motor M; therefore, the existence of the electromag- 
netic clutch C increases the lengtti L2 of the motor M in 
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the axial direction, making it d'rfficultto ensure the instal- 
lation position of the motor M. 

[0010] As described above, in the conventional elec- 
tric power steering apparatus, an attempt to miniaturize 
the steering assisting motor that is achieved by adopting s 
a transmission device is cancelled out by the existence 
of the transmission device and the electromagnetic 
clutch, thereby failing to effectively achieve the objective 
to reduce the space occupied by the motor. 

10 

BRIEF SUMMARY OF THE INVENTION 

[001 1] The present invention has been made with the 
aim of solving the above problems, and it is one object 
of the present Invention to provide an electric power is 
steering apparatus which can miniaturize a steering 
assisting motor as well as miniaturizing a transmission 
system to a column shaft or a pinion shaft and which 
easily ensures a space to be occupied by the motor on 
the periphery of the column shaft or the pinion shaft. 20 
[0012] The electric power steering apparatus of the 
present invention, which is provided with a column shaft 
that rotates in response to the rotational operation of a 
steering wheel, a pinion shaft connected to the column 
shaft, and a rack shaft that moves in the axial direction 25 
within a range of its moving stroke corresponding to a 
formed length of rack teeth that engages the pinion 
shaft in response to the rotational movement thereof, 
and which transmits the rotational force of the steering 
assisting electric motor to the column shaft or the pinion 30 
shaft through a transmission device so as to assist the 
steering operation carried out by the movement of the 
rack shaft, is characterized in that the transmission 
device is constituted by hypoid gears consisting of a 
smaller gear on the electric motor side and a larger gear 35 
on the column shaft or pinion shaft side and in that the 
rack teeth are formed so that the pressure angle thereof 
reduces toward both ends of the moving stroke. 
[0013] In the present invention, with respect to the 
transmission device for reducing the rotational speed of 40 
the steering assisting electric motor and for transmitting 
it to the column shaft or the pinion shaft, tiie hypoid 
gears, which consist of a smaller gear on the electric 
motor side and a larger gear on the column shaft or pin- 
ion shaft side so that the shaft-to-shaft distance can be 4S 
maintained small, is adopted. Moreover, the pressure 
angle of the rack teeth that are formed on the rack shaft 
and allowed to engage the pinion shaft is set so as to 
reduce toward the both ends of the moving stroke of the 
rack shaft; thus, tiie displacement of the rack shaft per so 
unit rotation of the pinion shaft is minimized at the both 
ends of the moving stroke, that is, larger steering ranges 
in which a lot of force is required for steering, so that the 
insufficient reduction ratio due to the adoption of the 
hypoid gears is supplemented and the motor is minia- ss 
turized. With these arrangements, tiie space to be occu- 
pied by the motor is reduced on the periphery of the 
column shaft or the pinion shaft, thereby making it pos- 



sible to easily ensure the installation space of the motor. 
[0014] Another electric power steering apparatus of 
the present invention has a construction in which: the 
larger gear is externally fitted to the column shaft or tiie 
pinion shaft, and a slip ring which is provided in the fit- 
ting section and which serves as a torque limiter for 
allowing the fitting section to slide upon application of a 
force in a circumferential direction that exceeds a prede- 
termined limit, is provided. 

[001 5] In the above-mentioned Invention, the slip ring, 
which is provided in the fitting section between the col- 
umn shaft or the pinion shaft and the larger gear of the 
hypoid gears, allows the larger gear to slide on the cir- 
cumference of the column shaft or tiie pinion shaft upon 
application of an excessive force in the circumferential 
direction that is exerted at the time that the steering 
assisting motor Is locked or at the time tiiat a reverse 
input is occurred from the travelling wheel side, 
achieves the cut-oft of the motor in the locked state with- 
out using an electromagnetic clutch, and protects the 
teeth of the hypoid gears used for the transmission 
device at the time that the reverse input from the wheel 
side is occun-ed. 

[0016] The above and further objects and features of 
the invention will more fully be apparent from the follow- 
ing detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0017] 

FIG. 1 is a drawing that schematically shows a 
transmission system from a motor to a pinion shaft 
in a conventional electric power steering apparatus; 
FIG. 2 is a partially exploded front view that shows 
an essential part of an electric power steering 
apparatus according to the present invention; 
FIG. 3 is a longitudinal cross-sectional view taken 
along the line ll-lt in FIG. 2; 
FIG. 4 is an enlarged cross-sectional view showing 
a fitting section between a larger gear of hypoid 
gears and a lower shaft shown in FIG. 3; 
FIG. 5 is a cross-sectional view of a slip ring shown 
in FIG. 4; 

FIG. 6 is a drawing that schematically shows a 
transmission system from a motor to a pinion shaft 
in the electric power steering apparatus according 
to the present invention; and 
FIG. 7 is an explanatory drawing that shows a for- 
mation of rack teeth of a rack shaft in the electric 
power steering apparatus according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] The present invention wilt now be described in 
detail refening to the accompanying drawings lllustrat- 
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ing the embodiments thereof. FIG. 2 is a partially 
exploded front view that shows an essential part of an 
electric power steering apparatus according to the 
present invention, and FIG. 3 is a longitudinal cross- 
sectional view taken along the line 11-11 in FIG. 2. 
[001 9] In the drawings, reference numeral 1 is a pinion 
shaft, and the pinion shaft 1 is provided with an upper 
shaft la and a lower shaft 1b that are coaxially con- 
nected to each other through a torsion bar 3, and is 
rotatably supported inside of a sensor housing 2a and a 
gear housing 2b that are aligned vertically and both 
have a cylindrical shape. The upper shaft la is allowed 
to protrude from the upper portion of the sensor housing 
2a with a predetermined length. This protruding end is 
connected to a column shaft 92 whose one end is con- 
nected with a steering wheel 91 and which rotates in 
response to a steering operation. A pinion 10 is inte- 
grally formed on the circumference of the lower shaft 1 b. . 
[0020] A rack housing 4 is installed at a lower portion 
of the gear housing 2b in an intersecting manner as an 
integral part. A rack shaft 5 is supported inside of the 
rack housing 4 in a manner so as to freely slide in the 
axial direction. As illustrated in FIG. 2. the rack shaft 5 is 
provided with rack teeth 50 formed in a range having a 
predetermined length in the axial direction. The rack 
teeth 50 are engaged by the pinion 10 formed on the cir- 
cumference of the lower shaft lb at the intersecting sec- 
tion with the gear housing 2b so that the rotational 
movement of the pinion shaft 1 in accordance with the 
rotational movement of the column shaft 92 is converted 
to a sliding movement in the axial direction of the rack 
shaft 5 through the engagement between the pinion 10 
and the rack teeth 50. thereby making it possible to 
carry out a steering operation. 

[0021] When such a steering operation is carried out. 
the upper shaft la of the pinion shaft 1 is allowed to 
rotate in accordance with the rotational movement of 
the column shaft 92. On the other hand, the lower shaft 
1b of the pinion shaft 1 is subject to a reaction force 
from the road surface that is exerted on the travelling 
wheels that changes course in accordance with the 
steering operation through the rack shaft 5. Thus, a 
twisting force corresponding to the amount of the steer- 
ing torque is exerted on the torsion bar 3 connecting the 
both shafts la and lb in the direction of the steering 
torque applied to the column shaft 92 through the steer- 
ing wheel 91 . Reference numeral 6 in the drawing is a 
torque sensor which detects the steering torque that is 
applied to the steering wheel 91 . The torque sensor 6 
includes detection rings that are externally fitted to the 
upper and lower shafts la and 'lb respectively, thereby 
forming a magnetic circuit The change in magnetic 
resistance that appears in the magnetic circuit due to 
the twisting force of the torsion bar 3 is acquired as a 
change in impedance of a detection coil that is aligned 
along the circumference of the detection ring. This con- 
struction is well known in the art. 
[0022] The hypoid gears 7 have a larger gear 7b that 



is externally fitted to the upp r half portion of the lower 
shaft lb with its teeth side facing down. 
[0023] FIG. 4 is an enlarged cross-sectional view 
showing this fitting section. The larger gear 7b and the 

5 lower shaft lb are fitted to each other with a slip ring 8 
being placed in between. The slip ring 8 is commercially 
available as a brand name "tolerance ring" (manufac- 
tured by RENCOL TOLERANCE RINGS CO.). 
[0024] FIG. 5 is a cross-sectional view of this slip ring 

10 8. As illustrated, the slip ring 8 has a construction in 
which a plurality of protruding portions 81 that have a 
semi-circular cross-section and stick outward in the 
radial direction are formed along the circumference of a 
ring main body 80 made of metal with a thin ring shape 

15 as an integral part with predetermined intervals in the 
circumferential direction. 

[0025] The larger gear 7b is fitted to the slip ring 8 with 
this construction at the outside of the lower shaft lb to 
which the ring main body 80 is externally fitted. Thus, 

20 the slip ring 8 is installed in the fitting section of the 
lower shaft lb and the larger gear 7b with its protruding 
portions 81 being elastically distorted in the diameter 
direction and elastically pressed onto the inner circum- 
ferential face of the larger gear 7b. With this arrange- 

25 ment. the lower shaft 1b and the larger gear 7b are 
connected to each other by the elastic restoration force 
of the protruding portions 81 in a manner so as to freely 
rotate as an integral part. Here, when the circumferen- 
tial force (torque), exerted on the lower shaft lb. 

30 exceeds a setting torque (limit torque) corresponding to 
the amount of elastic distortion of the protruding por- 
tions 81. the slip ring 8 acts so as to allow slipping 
between the lower shaft lb and the larger gear 7b. 
[0026] As described above, when the force exerted on 

35 the fitting section between the larger gear 7b and the 
lower shaft lb in the circumferential direction exceeds a 
■ predetermined amount, that is. when the torque trans- 
mitted between the two parts exceeds a predetermined 
upper torque limit, the slip ring 8. installed between the 

40 larger gear 7b and the lower shaft lb of the hypoid 
gears 7, functions as a torque limiter for releasing the 
connection between the larger gear 7b and the lower 
shaft lb. The upper torque limit which allows the con- 
nection to be released is related to the amount of distor- 
ts tion in the diameter direction applied to the protruding 
portions 81 of the slip ring 8. The amount of distortion is 
also related to the size of the fitting gap that is set in the 
fitting section between the lower shaft lb and the larger 
gear 7b; therefore, it is possible to appropriately set the 

so upper limit torque that allows the connection to be 
released by properly managing the dimensions of the 
outer diameter of the lower shaft lb and the inner diam- 
eter of the fitting hole formed in the axial center portion 
of the larger gear 7b. 

55 [0027] The gear housing 2b is provided with a motor 
bracket 20 that is installed slightly below the fitting por- 
tion of tiie larger gear 7b and tiiat protrudes outward in 
the radial direction with a cylindrical shape. A motor M 
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for steering assistance is secured to the end of the 
motor bracket 20. The smaller gear 7a of the hypoid 
gears 7 is integrally formed on the tip of the output shaft 
21 of the motor M. The smaller gear 7a is allowed to 
enter the inside of the gear housing 2b through the 
motor bracket 20. and is engaged by the teeth face of 
the larger gear 7b fitted to the lower shaft 1b. 
[0028] With this arrangement, the rotational force of 
the motor M is transmitted to the lower shaft 1b through 
the hypoid gears 7 consisting of the smaller gear 7a and 
the larger gear 7b, further transmitted to the rack teeth 
50 through the pinion 10 that is formed on the periphery 
of the lower half portion of the lower shaft lb, and then 
converted to a sliding force in the axial direction of the 
rack shaft 5 on which the rack teeth 50 are formed. 
Thus, it is possible to assist the steering operation as 
described earlier by the sliding movement of the rack 
shafts. 

[0029] Based upon the results of detection of the 
steering torque that has been made by the torque sen- 
sor 6 that is installed between the upper and lower 
shafts 1a and 1b as described earlier, the motor M is 
driven so as to exert a rotational force in the direction of 
the steering torque that has been applied to the steering 
wheel 91 with a size con-esponding to the steering 
torque. The rotational force generated by the motor M is 
converted to a force in the axial direction and applied to 
the rack shaft 5; thus, it becomes possible to reduce the 
steering force that is to be applied to the steering wheel 
91- 

[0030] Since the rotational force of the motor M is 
increased by the hypoid gear 7 having the construction 
as described earlier, and transmitted to the lower shaft 
lb (pinion shaft 1), even a small-size motor M can exert 
a greater steering assisting force. Moreover, since the 
hypoid gears 7 are used as the transmission device for 
increasing the rotational force of the motor M, It 
becomes possible to make the shaft-to*shaft distance 
between the motor M and the pinion shaft 1 smaller. 
[0031] FIG. 6 is a drawing that schematically shows 
the construction of a transmission system from the 
motor M to the pinion shaft 1 . In the present invention, in 
order to increase the rotational force of the motor M, the 
hypoid gear 7, which consists of the smaller gear 7a 
integrally formed on the output shaft 21 of the motor M 
and the larger gear 7b fitted to the pinion shaft 1 (lower 
shaft 1b). are used, and in the hypoid gears 7, the 
engagement of the smaller gear 7a to the larger gear 7b 
is made at an inner position than the peripheral portion 
of the larger gear 7b. In other words, a shaft-to-shaft dis- 
tance L that is smaller than the radius of the larger gear 
7b is maintained between the motor M that is coaxial 
with the smaller gear 7a and the pinion shaft 1 posi- 
tioned on the axial center of the larger gear 7b. There- 
fore, the shaft-to-shaft distance L is sufficiently smaller 
than a shaft-to-shaft distance that is required for the 
worm gear shown in FIG. 1. 

[0032] Consequently, it is possible to arrange the 



motor M properly in a manner so as not to greatly stick 
outward from the sensor housing 2a and the gear hous- 
ing 2b that receive and support the pinion shaft 1 . More- 
over, it becomes possible to easily ensure a space to be 

5 occupied by the motor M inside the engine room where 
both of the housings 2a and 2b are placed. 
[0033] Furthermore, in the electric power steering 
apparatus, it is necessary to provide a means by which, 
at the time of a locked state of tine motor M. the connec- 

10 tion of the motor M and the pinion shaft 1 is released so 
as to avoid an inoperable state of steering as described 
earlier. Here, in the present invention, the releasing 
operation of tiie connection is carried out by the slip ring 
8 that is installed in the fitting section between the larger 

15 gear 7b and the lower shaft lb of the hypoid gears 7 as 
described. The slip ring 8 slips when the transmission 
torque between tine larger gear 7b and the lower shaft 
lb exceeds a predetermined upper torque limit This 
makes it possible to release the connection between the 

20 larger gear 7b and the lower shaft 1b^ that is, the con- 
nection between the motor M and the pinion shaft 1. 
Therefore, by setting the upper torque limit at a value 
exceeding a torque corresponding to the maximum 
torque generation of the motor M, the release of the 

25 connection can be performed without adversely affect- 
ing the normal transmission from the motor M to the pin- 
Ion shaft 1 . thereby preventing from an inoperative state 
of steering. 

[0034] As described above, in the present invention, 

30 the release of the connection between the nnotor M and 
the pinion shaft 1 at the time of a locked state of the 
motor M is carried out by the slip ring 8 installed 
between the larger gear 7b and the lower shaft lb. This 
eliminates the necessity of an electromagnetic clutch 

35 that is to be connected to the output side of the motor M 
as a means for releasing the connection. Therefore, it is 
possible to minimize the length Lq of the motor M in the 
axial direction, and consequently to ensure a space to 
be occupied by the motor M more easily. 

40 [0035] Witii respect to the reduction ratio obtained by 
the hypoid gears 7 used as a force-increasing means for 
the motor M of the present invention, it is generally 
smaller than that obtained by a worm gear having a 
worm wheel whose diameter is same as the larger gear 

45 7b. Moreover, in the case when a motor M having the 
same capacity as a conventional apparatus using a 
warm gear as the force-increasing means is used, the 
maximum value of the resuttihg steering assisting force 
is smaller than that of the conventional apparatus. 

so Therefore, the steering assisting force may become 
insufficient in the large steering range in which a lot of 
force is required for steering. 

[0036] In the present invention, the hypoid gears 7 are 
used as tine force-increasing means for the motor M. 
55 and the insufficient steering assisting force resulting 
from this construction is supplemented by adopting the 
following arrangement as shown FIG. 7 In the rack teeth 
50 formed on the rack shaft 5. 
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[0037] As shown in FIG. 7, when it is assumed that the 
engaged position C of the pinion 10 is center at which 
the steering angle is zero, the rack teeth 50 are formed 
so as to provide a predetermined pressure angle a-| 
within a center range a having predetermined lengths 
on both sides of the center as shown in the drawing. 
Moreover, the rack teeth 50 are also formed so as to 
provide a predetermined pressure angle 02 that is 
smaller than the pressure angle a-i within two end 
ranges b (only one side of them is shown) having prede- 
termined lengths from the respective ends in the formed 
range. Within intermediate ranges d between the range 
a and the ranges b, the rack teeth 50 are formed so as 
to provide a successively reducing pressure angle from 
at to CL2 from the center range a toward the end ranges 
b, that is, toward the ends of the formation range of the 
rack teeth 50. 

[0038] in the rack teeth 50 in which the pressure angle 
is set as described above, when the engaged position of 
the pinion 10 is located within the center range a. the 
pressure angle of the rack teeth 50 located at the 
center range a is large, as indicated by its outiine in a 
two-dot chain line of FIG. 7. Therefore, the amount of 
shift of the rack shaft 5 per unit rotation of the pinion 10 
is large. In contrast, when the engaged position of the 
pinion 10 is located within the end ranges b, tiie pres- 
sure angle 02 of the rack teeth 50 at the end regions b 
is small. Therefore, the amount of shift of the rack shaft 
5 per unit rotation of the pinion 10 is small. Moreover, 
when the engaged position of the pinion 10 is located 
within the intermediate range d. the amount of. shift off 
the rack shaft 5 per unit rotation of the pinion 10 succes- 
sively reduces from the center range a toward the end 
ranges b, that is, toward tiie end portions of the moving 
stroke of the rack shaft 5. 

[0039] As described above, the rotation of the pinion 
1 0 is transmitted to the rack shaft 5 while being reduced 
in its speed toward the end portions of the moving 
stroke, that is. toward the large steering ranges at which 
a lot of force is required for steering. Therefore, after 
having fc>een reduced by the hypoid gears 7 and trans- 
mitted to the pinion shaft 1, the rotational force of the 
motor M is further reduced by the engaging section of 
the pinion 10 and the rack teetti 50. and tiien transmit- 
ted to the rack shaft 5. This makes it possible to supple- 
merrt the insufficient steering assisting force resulting 
from the adoption of the hypoid gears 7, and conse- 
quentiy to miniaturize the motor M. 
[0040] As described above, in tiie electric power steer- 
ing apparatus according to tiie present invention, since 
the hypoid gears 7 are adopted as the transmission 
device between the motor M and the pinion shaft 1 . it 
becomes possible to ensure to a space to be occupied 
by the motor M on the periphery of tiie sensor housing 
2a and the gear housing 2b. Moreover, since the pres- 
sure angle of the rack teeth 50 formed on the rack shaft 
5 is designed so as to reduce toward the stroke ends, it 
becomes possible to supplement the insufficient steer- 



ing assisting force resulting from the adoption of the 
hypoid gears 7 without making tiie motor M bulky, that 
is, without enlarging the space to be occupied by the 
motor M. 

5 [0041 ] Additionally, tiie above-mentioned embodiment 
has exemplified an electric power steering apparatus of 
tiie pinion transmission type in which the transmission 
from a steering assisting motor M is applied to the pin- 
ion shaft 1. However, the present invention is not 

TO intended to be limited thereby, and is of course applied 
to an electric power steering apparatus of the column 
transmission type in which the transmission from the 
motor M is applied to the column shaft 92. 

IS Claims 

1 . An electric power steering apparatus, comprising: 

a column shaft (92) connected to a steering 
20 wheel (91); 

a pinion shaft (1) connected to said colunnn 
shaft (92) on which a pinion gear (10) is 
formed; 

a rack shaft (5) having rack teetii (50) engaging 
25 with the pinion gear (1 0) and being arranged to 

move in the axial direction within a range of its 
moving stroke corresponding to the formed 
length of the rack teeth (50) in response to a 
rotational movement of said pinion shaft (1); 
30 and 

an electric motor (M) for steering assistance, 
wherein said electric power steering apparatus 
assists a steering operation that is carried out 
by tiie movement of said rack shaft (5) by trans- 
35 mitting the rotational force of said electric motor 

(M) to said column shaft (92) or said pinion 
shaft (1). 

characterized by including: 

a hypoid gear pair (7) provided between said 

40 electric motor (M) and said column shaft (92) or 

said pinion shaft (1) so that a rotational force of 
said electric motor (M) is reduced in speed and 
increased in power, and then transmitted to 
said column shaft (92) or said pinion shaft (1). 

4S wherein the rack teeth (50) being formed so 

that tiie pressure angle tiiereof reduces toward 
both ends of the moving stroke. 

2. The electric power steering apparatus according to 
so daim 1 , 

wherein a gear (7b) of larger side of said hypoid 
gear (7) pair is externally fitted to said column shaft 
(92) or said pinion shaft (1). and 

ss said electric power steering apparatus further 

comprising: 

a torque limiter (8) which is provided in a fitting 
section between the gear (7b) and said column 
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shaft (92) or said pinion shaft (1) and allows a 
relative rotation when a torque between the 
gear (7b) and said column shaft (92) or said 
pinion shaft (1) exceeds a predetermined 
value. 

3. The electric power steering apparatus according to 
claim 1. 

wherein a gear (7b) of larger side of said hypoid 
gear pair (7) is externally fitted to said column shaft 
(92) or said pinion shaft (1). and 

said electric power steering apparatus further 
comprising: 

a slip ring (8) which is provided in a fitting sec- 
tion between the gear (7b) and said column 
shaft (92) or said pinion shaft (1) and allows 
slipping of the fitting section upon receipt of a 
circumferential force exceeding a predeter- 
mined limit 

4. An electric power steering apparatus, comprising: 

a column shaft (92) which rotates in associa- 
tion with a steering wheel (91); 
a pinion shaft (1) which rotates in association 
with said column shaft (92); 
a pinion gear (10) formed on the pinion shaft 
(1): 

a rack shaft (5) having rack teeth (50) engaging 
with said pinion gear (10) and being arranged 
to move in the axial direction within a range of 
its moving stroke corresponding to the formed 
length of the rack teeth (50) in response to a 
rotational movement of said pinion shaft (1 ) : 
an electric motor (M) for steering assistance; 
and 

a transmission device (7) provided between 
said electric motor (M) and said column shaft 
(92) or said pinion shaft (1), 
wherein said electric power steering apparatus 
assists a steering operation tiiat is carried out 
by tiie movement of said rack shaft (5) by trans- 
mitting the rotational force of said electric motor 
(M) to said column shaft (92) or said pinion 
shaft (1) ttirough sad transmission device (7). 
characterized in that: 

said transmission device .<7) is constituted by 
hypoid gears (7) having a smaller gear (7a) on 
said electric motor (M) side and a larger gear 
(7b) on said column shaft (92) side or said pin- 
ion shaft (1) side, and 

said rack teetii (50) are formed so tiiat the 
pressure angle thereof reduces toward both 
ends of the moving stroka 
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wherein said larger gear (7b) is externally fitted to 
said column shaft (92) or said pinion shaft (1), and 

said electric power steering apparatus further 
comprising: 

a torque timrter (8) which is provided in a fitting 
section between the larger gear (7b) and said 
column shaft (92) or said pinion shaft (1) and 
allows a relative rotation when a torque 
between tiie larger gear (7b) and said column 
shaft (92) or said pinion shaft (1) exceeds a 
predetermined value. 

The electric power steering apparatus according to 
daim 4. 

wherein said larger gear (7b) is externally fitted to 
said column shaft (92) or said pinion shaft (1), and 

said electric power steering apparatus further 
comprising: 

a slip ring (8) which is provided in a fitting sec- 
tion between the larger gear (7b) and said col- 
umn shaft (92) or said pinion shaft (1) and 
allows slipping of the fitting section upon 
receipt of a circumferential force exceeding a 
predetermined limit. 



5. The electric power steering apparatus according to 
claim 4, 
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FIG. 1 
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FIG. 4 




11 



EP 0 915 004 A2 



FIG. 5 
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